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Abatract

Data Enveloprent Analysis iA a relatively new mxtiuod for seasuring and
avaluating the efiiclen;y of not-for-profit entitiee with multiple cutputa
and aultiple inputs. Without requiring a priori weights and without
requiring aexplicit apeacification of interdapendencies that msy be preasnt
between variables it <(a) provides an overall nmeasure of psrforamance
afficiency from observational data and (b) identifies sourcea and estimates
apounts of inefficjency that =ay ba present in each such source. Thia paper
reports on regulta from astudies of DEA for ita posaible use in evaluating
the performance of 24 Army Health Care Facilities. These DEA results are
raviewad and comparsd with resuits from alternate methods (often used for

efficiency analysis) =auch as statiatical regressions and atendards imposed

by HCFA.
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1. BACKGROUND

There ia a continuing intereat in the productivity of US Army health
care facilities which has intensified in the past two years., New and im-
proved ways of evaluating performances are therefore being considered.
Prior to 1957, average daily bad occupancy was used to evaluate the size and
output of Army hospitals, but iapcrtant probless existed with this measure.
Firat, beds occupied measurss only the averag: number of beda utilized.
Thiz measure did not account for the turnover qreated by patients being
admitted and discharged, even though this turnover represented a significant
conaumption of rweources. A gsecand and even more serioua problem ralated to
the vast amount of amhulatory cure being performed in ailitary health care
facilities and this, too, «.a anot explicitly accounted for when uaing beds
occupled.

In 1957, a ajingle outpuc maasure was developed called the "Care Com-
posite Unit"™. This CCU Uni: was developed to account for the ambulatory
care being performed and <+the turnover of 1npat10nts.1 The composite unit
used admissions as a suxrrgszta for turpover., In this way one of the inade-

quacies in the uase of averaze daily b

¥ § COuld be remedied. But it was also

necesaary to reflect the amdun% of ambulatory care explicitly and for this a
weighted measure for i34 asbulatory care waas usad. When finally daveloped,
the Care Composite Unit waightad averege daily beds occupied by ona and
addad tan timea the number of avarage daily admisaiona and 0.3 times the
average daily clinpic visits. Originally, these waights related wall acroas
the entire aystem at the rate of 100 perzonnel per 100 Care Composite Unita.

During three major validation atismpts in the past 26 years, CCU showed high

1In civilian hoaspitals, ambulatory care wag handled by physicians in
thair officas.
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correlations to the toval aystem manpower. Over the past ten years, how-
ever, a major shift has occurred from hospitalization to treatment on an
ambulatory basis and this has led to a reconaideration of the CCU 1ﬁ&ex.

As technology haa advanced, imbalances bacame more pronineni and it
bacame increasingly apparent that all clinic viaita should not bhe credited
with the same weight nor should al]l inpatients be credited at the same value
during their stay. In searching for alternativea and improvemernts it was
poasible to turn to results from the Heslth Cara Fintncirng Agancy (HCFA)
which had decided to reimburae on the basia nf weighted Diagnoatic Related
Groupings (DRGa) for inpatient care provided to Medicare patients. Althougi
the DRG weighta were specifically established for Medicare patients, they
did provide a standerd for a starting point in identifying differences in
the consumption of resources based upon patient disgnoses. Under DRG a
discharged patient i8 clasaified into a group on the baasis ;f & primary
diagnosis and the procedures utilized during the stay. When zll such
weighted dispositions are summed for a period Lhe reault ia called the
"Relative Wejighted Product” (RWP) and serves as a relativa measure 5f the
resources consumed by inpatients.

This atill left the apecial features of the Army’s ambulstory care
activities to be attended to. Currently, the Army ia developing a =zyacéa
for ambulatory patieuta based upon a patient encounter reporting aystem
being tested &t aix Army facilities. Results of thie study should bes
available by late 1986.

The traditional approach to etudying the properties of such asasures
and report.ing aystems has been via raegresasion analyaia or ragression-relsted
correlation analysas. Difficultiea arise very quickly in the use of such

analytical instruma2nts because of the complex nature of modern health care
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delivery. Standard regraesgiona of the single equation a* a time variety
(with 4 sinjle dependent variable in each equaticn) may aiss or mask inter-
relations betwesn outputs and between inputa as well as bevwsan inputs and
outputs. Theae relations are often «cwolzr and cifficult to model in the
formga required by astandard regreassion squation formats. For instance,
inpatient cara is often directly related tc outpatient cave and resources
used in one area may contribute Lo cutputs in another area in many different
(often unknown) ways, |

Data Envelopment Anslysis (DEA), e recently daveloped method of ef-

ficiency evaluation &nd analysis develcped by Charnes, Cooper and Rhudes

{121 and [13]1. offered a posaible way of dealing with these difficulties,
Designed specifically for use in not-for-profit untities with multiple
cutputs a&nd wmultiple inputs, DEA doees not require explicit identificatios
and formulation of the relations thatlnlght obtain betwaeen thex. Unlike
index numbers and other relatezd attespta to obtain relative measures of
efficiency, DEA does not require § priori weighta or othar such devices to
arrive at cverall efficiency ewvaluations. It alio estimatea amounts of
inefficiency and identifies their possible sources.

Although the product of relativaly recent research, DEA has now bean
teated in a variety of different contaxta -- such as those reported in (5]
and {9] -- and it therefore scemed worthwhile to undertakea further siudy aad

testa of DEA for possible uae in desling with probiems jike those wa have

- alresady mantionad in evaluating U.S. Army healtn cere facility activitise,

,

r

A i

1The nurbers in aquare brackets ars keyed to the references that appear
at. tha and ¢f thias papar.
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2. REPORT FORMAT

Table 1 will help to mske our subasequent digcuasion aore concrete and
m2aningful, It représents a report gernerated in the course of a study of
possible usea of DEA undgrtaken jointly by the Aray Heelth Services Commend
at Fort Sam Houston in San Antonio with the Center for Cybernatic Studies at
The University of Texses at Auatin,

Thia sgtudy was based on reporta from 24 Army hoapitalg and other fa-
cilities in aach of eight quartera, from first quarter 1983 through fourth
quarter 1584, In DEA teraminolegy each auch facility is referred to as a DMU
(Decision Making Unit) indicating that it is reaponaibla, at least in part,
for the inputs utilized and outputs produced. 1In thia "prototype atudy"
three outputs and eight inputs were utiiized and their values ?s reported
for thig pmrticular DNU (= DRU Z4) are shown ﬁndar the column labaellad

"VALUE MEASURED" in Table 1 as follows:

-

a. QUTPUTS

(1) PERS TRAIN = Peraonnel Trained. This included all personnel
trained during the quarcer excep” for residants and interns.

(2) RWP = Relative Weighted Product. This is the RWP defined
above for which inpatient data uaed the dispoaitions raeported
in the Dapartzgnt of Dafense Uniform Chart of Accounts System
at the department lavel (two digit code) multiplied by the
HCFA weighted departmental DRG Case Mix Index computed from
the Army Inpatient Data Syatem (IPDS) clinical abstract
record.

(3) CL VISITS = Clinic Visits. These data repraeasent the total
aumber of encountars nmade by patienta with an ambuletory
¢clinic.

b. INPUTS

(1) CAT 1 FTE = Physiciang and Other Primary Care Providers (cat 1
and 2. These data wvare derived from the Department of
Dafsnse Uniform Staffing Methodology (USM) data base and
equal the average daily number of full time equivalents (FTE)
of physicians and "physician extenders” for tima spent
treating patienta.
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(2> CAT 3 FTE = Registered Nursea. The average daily number of
full time equivalent regiastered nuraesa utilized to treat
patienta during the gquarter,

(3) CAT 4 FTE = Nursing and Adainiatrative/Logiatical Peraonnel
(cat 4 and 5). The average daily number of full time equiv-
alanta (other than categoriea 1 through 3) utilized in direct
patient care during the period. These data do not include
support or overhead personnel such as laboratory, pharaacy,
radiology or top managkent peracnnel.

(4) INPAT DLLS = Inpatient Expenditures. The &average daily
dollars apent by the facility to treat all inpatienta.

(5) OUTPAT DLLS = CQOutpatient Expenditures. The average dally
dollars spant to treat all ambulatory patianta.

(6> WT PROCED = Weighted Procedures. The average daily number of
welighted procedurea accomplished in the sncillary work centers
utilizing the following weighta from the normalized weights of
the American College of Pathologiata: Radiglogy (1.4977)
Pharmacy (.5717) and Pathology (1.00),

(7) BED DAYS, The average number of daily beds occupied.

remesem

OR HOURS = Operating Hours. The average daily number of hours
the cparating rooms were used.

LY
02
v

The actually reported results ior each of the above categories for DKU
24 appear in the column under “VALUE HMEASURED". We may then turn to the
column in Tablie 1 labellad "VALUE IF EFFICIENT". Conaidering the behavicr
of all DMUs in a smanner that we chel]l shortly indjcate, DEA identifies only
one inefficiency among tha outsats. The eatimated amcount of thias inef-

ficiency is shown under the column haaded “SLACK” at a value of 6.9 unita in

the row for PERS TRaIN.1 That is, instead of training only 36.0 peracnnel
thia DNU should have been able to train 42.9 (=36 + 6.9) parsons if it were
opaerating efficiently. See the 42.9 opposite PERS TRAIN under tha column

headed "VALUE IF EFFICIENT".

-

1Actually the date in this table have been multiplied by a masking
factor, as is allowed by DEA because the gfficiency ratinga are invariant to
the units of meaesurs used. See (8).




Turning to the inputs, DEA identifies and eastimates several further
inefficiencies. For inetance, with efficient operationa (aa ldentified by
DEA) DMU No. 24 should have been ablg to reduce ita CAT 1 FTE from 817 to
787.5. This estimate 1a.der1ved from the overall efficiency value of 0.976
notad 4t the top of the table by applying it to the observed value of 817

e 1

e

FTE to obtain 0.976 x 817 * 797,

The overall et{iciency rating of 0,976 applies to all of the inputs in
the same nmanner as was just noted for CAT 1 FTE. In some casesa, howaver,
atill further input inefficiencies are identified by DEA and liated under
the column headed "SLACK“. Thua to obtain the 697.2 "VALUE IF EFFICIENT"
for CAT 3 FTE, it is not sufficient simply to multiply the 717 in the column

“"VALUE MEASURED" by 0.976. It ia alao necussary to raeduce the resulting

value by the 92.8 SLACK that is present in this input to achieve

(0.876 x 717) - 92.8 £ £07.2

as shown for CAT 3 FTE in the column labelled “VALUE IF EFFICIENT",

1Tho syrbol “i" is usad to sean “"approximately equal” to allow for computer
roundoff and like aberrations.




EFFICIENCY =
FACET:
LAMBDA =

RARRBRANRRNS
= QUTPUTS =
RARARANNRAD S
PERS TRAIN
RWP
CL.VISITS

nERARBRARNESY
* INPUT »
frreamencance
CAT 1 FTE
CAT 3 FTE
CAT 4 FTE
INPAT.DLLS
OUTPAT.DLLS
WT PROCED.
BED DAYS

OR HOURS

TABLE 1.

A DEA Report

DMU NO. 24
0.976
71 87 95 28 45 20
0.378  0.22¢  0.25¢  0.313  0.132  0.148
VALUE VALUE IF SLACK
MEASURED EFFICIENT
26.0 42.9 6.9
238.0 238.0 0
12733.90 12733,0 0
817.0 797.5 0
717.0 607.2 92.8
2207.0 2154.4 0
365440.0 250419.2 6316.5
394297.0 384905.4 0
21%020.0 135079.4 70819.2
1397.0 1363.7 0
436.0 425.6 0
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How doas DEA arrive at these results? Exant mathematical character-
izations and related proofs and interpretations nay bde found in (& cr ([10),
Here we only try to provide a ‘'feel" for the procesa in the following
Aaanner.,

As already noted, —the present study involved 24 Army Health Care fa-
cilities £for which complete aata were available from the firat quarter of
1583 through the fourth quarter of 1984, The data under “VALUE MEASURED" in
table 1 are raported activities for DMU 24 in some particular quaerter and
aimilar datsa were available for each of the other DMUs included in the
study.

The nmathemetical procesaes and computer codes used by DEA search
through all DMUs in c¢rder to pick a “best" subset for evaluating each of
ther. The aubset thus picked by DEA for evaluating DMU 24 in Table 1 is
printed at the top of Tabie 1 opposite the word FACET. The co;ponents in
this subaet are identified as DMUs 71, 87, 95, 28, 45, and 20 -- with these
numbera resulting from the way the individual DMUs were coded for use in the
"window analysise™ in section 4, below,.

Theae Daecjsion Making Units are al]

[
.d
0
h
133
’

igignt, aa determined by DEA,
and hence genarate an aefficiency "facet" for effecting thea efficiency
evaluation exhibited in Table 1. Other afficiency facets can alao be
genaerated by using other sets of efficiant Decigion Makina Units, but this
particular facet is choaen by DEA for evaluating DNU 24 becauss it ia the
one that gives this DMU the highegt efficiency score that the data will
allow. In fact the point consistinc of the zutput and input values that
result from applying the "lambda” values 0.378, 0.224, 0.214, 0.313, 0.132,
and 0.148 to the reported input and output values for the DMUa under which

they are liated in Table 1 provides the point of comparison. That is, theas
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lambda valuea, as deterainad by DEA, are uaed to locate a comparison point
in this facet that is vsed to obtain a relatjive efficiency rating for DMU
24. Mo other point in this facet, and a fortiori no point in sny other
efficiency facet can give a higher efficiency value to DMU 24 than the 0.976
value listed at the top of Table 1. 1In other words this is the highest
rating thet the data allow for scoring the efficiency of DMU 24 ;n this
quartér.

The efficiency rating for DMU 24 in Table 1 is obtained by comparing

its behavior with the behavior of other DMUs that are available for this

purpoaa. The value 0.976 thus repreagents a "relative" effjiciency rating.

Only Decision Making Units which have relative efficiency ratings of 100%
can be used to form these facets and the comparison points from which the
DEA evaluations are msda. It is againsti this same point on the efficiancy
aurface that the alack values are als;-determined and, as we shall later

see, other information such as "returns to acale" possibilities may also be

obtained from the lambda values in Table 1.

All of the above (and more) is accomplished by DEA and the computer

codes uased for its inplenentation.1 Here we need only note that tha af-

ficiency rating aa vell as the sources and amcunts of inefficiency estimated

by DEA may be validated not only by reference to the individual DMU being

evaluated but also by reference to the DMUs with which it 18 being compared

-
in this analysais. This ies of considerable help -0 managers and auditors®

1Copies of the ccmputaer code used in this study may be sacured from the
Center for Cybernatic Studies at The University of Texas at
Auatin,

2See, &.9., Dennis Thomaa (18] for a digcuasaion of vhe use of DEA in
assoclation with on-site menagement audita by the Texaas Public Utilivy
Commisasion and aee Churchill et al (151 for an interpretation of PSRO

(Profcssional Standards Review Organizations) as auditors.




(e.g., PSRO review panelas) as well as aralysts when evaluating and
investigating the behaviecr of particular DMUa. To be aure, these are only
eatimatas. Howaver, DEA apnears to ba uniqve among evaluation systems not
cenly in the detajil 1t. supplies on each DMU but also in the fact that iu
evaluatec output aa wall as input inefficiencigs in each of them. Note, for
aexample, that efficiency could be achieved by DMU 24 in Table 1 only 1f this
facliity decressed its inputa and increased ita outputa in the indicated
asounta. That ia, both muat be done to achieve 100X efficiency.

3. MOLEL OEVELOPMENT AND DATA COLLECTION

The collect.on of facets used to obtain *hese evaluations form what ia
called an "efficiency evaluation suyrfece™ or, more briefly, an "efficiency
ayrfaca". To continue with thia geomet-ic interpretation. we may regard tha
output and input -data for each UMU aa correaponding to the valuaes of the
coordinates which may be used to locate (or plot) thesa DMUa i1n a apace
with dimenaiors (or axes) consiating >¢ the three outputs and aight inputs
included in thia study. Mathematically apcaking, the LKA procedures we have
just described than generate an "efficiency surface” which envaelops these
puointa. Hence, in part, the nume Dasta Envelopment Analyaia.

The ’lambda" values and the DMUs to which they pertain in Tsble 1, for
instance, identify & point on this efficiency surface from which DHU 24 is
evuluated. The input and output values at thia point are obtained from DMUs
which are efficient. Hence the alternative thua provided can be said to be
capabla of producing what was prouduced by DKUY 24 and, indeed, even producs
norae PERS TRAIN with the rgduced ipput amounts notaed under “VALUE IF EFFi-

CIENT" in Table 1. All iaputs may thua ha reduced withovt reducing any

output.. Hence no substitutiona or tradeoffs nwad to be made in arriving at




8 1udgment that DMU 24 ig inefficient and that mattars will be improved by
proceeding in the manner portrayed in Table 1.

All technical matters such as generstion and choicea c¢f faceta for
effecting these evaluations are handled by DEA in the form of a mathematical
programming model and related computei codes that are already avajlable for
these purposes. Thia leaves analysts and managers free to focus on the
choicea of inputs and outputs to be utilized and the choices of facilities
such as hospitals or aupbdivisions thereof which are to be ragarded as DMUs.
See, e.g., D. Sherman [i7) for a diacusaion or hia reasons for choosing
surgical unita within Masaachusetta hospitals as DMUa rather than the
hoapitalas themselves for hia DEA evalustions.

In the present csse only a prototype study was undertaken to avaluate
DEA as & possible addition to the Army’as methods for evaluating its hoapi-
tzls and other haealth services facilities. To facilitate interpretation and
avaluation of results the number of outputs and inpute (along with the
nurber of DMUs) was kept to a relatively small nuaber so that computer
printouts and other results could be more easily analyzed. This also proved
to be advantagecus for checking data gquality and for astudylny altarnative
ways 1n which the data might be utilized aa well as alternative types of
data that might be collacted.

An example of what might he done with further extensions is provided by
reference to the quality of health care servicea delivered. At present the
Army collects data on both petient and physician satisfaction, as well as

other attitudinal data that bear on the quality of services rencered aad

receivad. Although data like theae can he treated as outputs or as inputs
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(or both)1 it would saem better to recognize the conplex dimensions of

“quality" and to add additional measurea that can help to capture thesge
additional ~apects of the services rendered. For instance, data on facil-

ities obtained from PSRO reviews, might be used, and even audit follow-ups

L aubsequent tg diacharge aight he uged to generate more objective data which
could then serve to complement the preaent aubjective evaluations of quelity
for uae in a more extended DEA analyaia.

The point is that DEA can accomodate the interdependencies aasocisted
with overlapping varisbles even though such interdependencies are cften
troublesone to handle in atandard formsa of statistical ragresaiona. DEA can
be <(and ias) reduced to an ordinary linear programming model for purposes of
computstion. Hence, tha great computational power and afficiency asaociated
with developrents in linear programming is avaljable and can be brought to
Lear for handling large naurhers of inputs, outputs and DMUs. Finslly,
sensitivity analysia and the rich interpretive power available from already
completaed lineer programming rea@arch ia available for checking data quality
in terma of the aansitivity of solutions to poasible errors in the data.
Hence problems of data collection and refinement can be jcin&d o Lhé re-
search for model developmant in & twin atrategy that can be used to iaprove

and economize both date collection and model devaelopment not only in the

research but also in the actual uses phases of DEAz.

1Data which appear as both an output and an laput are scmatimea re-
ferred to as intermgsdiate goods. Seae Chapter IX, pp. 295 ££f. in (7] for
rore precise definitions and characterizetions of "intermediata™ goods or
processas,

25-. (6] for a detailed desscusaion of such twin strategiea for data

collection and model davalopment.




4, WINDOW ANALYSIS

St.ill other mathoda of testing and validation are available which have
bean specifically devised for use in DEA. Theae methcds can alao be used to
provide results and interpretations which &are of interegt in their own
right,

Table 2 provides an example of auch a DEA development whicﬁ ia referred
to as a "Window Analysis". The procedures for obtaining such an analysis
aay ba described as followa, Recall, firat, that we have eight quarterly
reports for each of the 24 DMUs comprehended in this atudy. In this case it
waa decided to arrange a {four-quarter window &nalysis with the results
diasplayed in Table 2.

Focusing on DNU 1 in Table 1 we turn to the firat row and obsgserve that

there are four valuas ranging frgm 0,85 to $.55. These are DEA efficiency

ratings of the kind shown for DMU 24 at the top of Table 1. Iu this case,

however, DHU 1 is treated aa 1f it were a different DMU in each of the first

four quartera, and the same treatment is eccorded to every one of the DMUs

in this study. Thue instead of 24 actual DHUs we have 4 x 24 = 96 DMUs for

which afficiency ratingas are to be ascured. The aeffigcisncy ratings, one for

aach (quarter, are axhibited for sach DNU in the first row a0 that for DNU 1

wve have ratings of 0.83. 0,93, (.85 and 0.94 in quartera 1, 2, 2, and 4,
veapactively, as ahown in Tablae 1,°

Now auppose the first quarter data are eliminated and raplsced by the
fifth quarter <for each DMU. A nev sat of afficiency ratinga with this new
seat of DHUs may then be obtained in the same manner sa before. This pro-
duces thea efficiency s&cores shown in the second row (alongside each DNU) in

Tabhle 2.
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TABLE 2
EFFICIENCY SCORES

SUMMARY MEASURES
q1 - I Q3 Q¢ as as w7 Qes HEAN VAR CoLUnN YovaL
RANGE RANGE
1 «B3 «93 'Y 3 «94 «-83 «01 « 04 * 25 |
1 « 86 « 9% «81
«86 «96 «A0 17 "
e37 7T LT3 .79
o7 74 .88 .84

DMU Na.

2 « 80 17 T2 72 T3 «00 12 13
1T T2 73 .04
. eB89 o889 LT72 L¥9
oT0 472 78 .01
- T2 oT7 «81 74

3 292 L90 .91 .88 =29 <08 37 022
-89 .91 .64 L91
«88 .81 .87 .90
«78 o066 .93 .98
«8% .94 1.80 1.00
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Raturning to Table 1 we can novw relate the facet membera liated at the
top of this table in the following way: DMU 71 the firat member listaed in
the row labelled FACET is sctually DMU 23 represented by its third quarter
data; DNU 87 represents DMU 15 in terms of ita fourth quarter behavior; and
so on. To further reenforce what we are saying we right particularly note
that DMU 95 is actually DMU 24 itself in the fourth quartar so that DMU 24
is being evalusted in this report for its aecond quarter behaviar by re-
farance to efficiunt DNUas that includea DNU 24 in the third quarter.

We thua obtain an expanded collection of DNUa which can be uased to
obtain further insight into their behavior and the DEA efficiency ratings
that a&are accorded to them. Proceeding in the menner we have juat indicateu
providea an ovarlap or “window" which c¢an bea used to study the stability of
thege DEA ratings from tha different. sets of DMUs thet form the reference
setg for the ratings in the different rows. Notice, for instance, that the
values for DM 1 are raelatively stable in each of the columng (windows) that
right be formad to examine ite behavior even thoiugh different collections of
DMUa are aveilable for forming the efficient refarence set. We can there-
fore ssy that its efficiency rutings ars atahla in gach colukn even though
different reference sats are involved,

0f course the row behavior is also of interest. Notice, for instance,
that the efficiency values for ail DMUs in column Q5 of Table 2 tend to be
low relative to tha velues in the other columns. Thia reflecta an "after-
Christmaa” lag in productivity and low workload.

Data inadequacies and possible data errora csn algo be detected ip thia
manner. For instance large jumps in efficiency valuea within a column nay
result from aventa asuch &8 & naw policy or turnover and replacement of

importsnt membera of the staff in a particular DMU. Such behavior can also

18
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result <from misreported or erroneous data and these poasibilities also need
to be conaidered. See [3] and (3] for further diacuaaion in DEA applica-
ticna to maintenance activitiea of the Y,S. Air Force. Sherman (17) also
reports similar findings of erronecus data and reports in his DEA atudy of
surgical units in Hasaach;asetts hospitals.

The neans, variances, and ranges on the right in Table 2 may be used as
guides to where underlying DMU behavior might ba studied further and perhaps
arrayed in more cetail in a8 form such as was exhibited in Table 1 for this
purposa. These values can slso prove uasaful in their own right. For
inatance the mean DEA efficiency of 0.75 shown on the right of Table 2 for
DMU 2 is lower than the ratings for any of the other DMUs. Looking into
this result in further detail, however, showed that the activities at thia
facility invelved ewtensive reaidency and aintern treaining. The PERS TRAIN
reported in connection with Table 1 refers to liiitary training and hence
dces not adequataly reflect these other important aservices provided by DNU
2. Thus this rendering of a low efficiency acore for DMU 2 canpot be
regarded as wholly valid without th¢ addition of these kinds of outputs and

so & future rerun of thies atudy ashould expand the number ¢f outputs to

include residencies and intern training if facilities like DMU 2 are to be

coveread,




S.EXTENSIONS AND_ CONCLUSIONS

The preceding analyses &nd discussions are intended to provide some
insight into the nature of DEA as well as the scudy being undertaken by the
Army Health Servicea Command. In both cases only minimal summaries were
given, For instance oﬁ the DEA side the discuasaions accepted the present
leval of activities at each DMU without considering the poasgibility of
reallocating resources between the different facilitius. The latter
queations may involve a nged to consider poassible "economies of 3acale" for
each DMU along with possible furthar tradeoffs in the input and output mixes
that each DMU might use.

The lambda valuea shown at the top of Table 1 can also be used for this
purpose. In particuler, as shown in Banker (11,DEA identifies a DMU as
being in a region of increasaing. conatant or decre*ai%é Feturna to scale
according to whether the sﬁn of the lambda valgyes exceeds, i3 equsl ﬁé, or
less than unity. Thus, here again DEA supplies informatjon that is not

readily available from the accounting and ratio controls cuastonarily used by

regulatory and cother agancieq-1 To illustrate we raturn to Table 1 and find
from the lambda values ligsted at the top

0.378 + 0.224 + 0.254 + 0.313 + 0.132 + 0.148 = 1.449.
Since the gum of these lambda values exceeds unity, we find that DEA iden-

tifies DMU 24 to be operating in a region of increasing returna to scale.

- -

1500 Sharman [17) for a detailed diacuasion. An analysis of some of
the difficulties in the use of atatisticel regresaions may be found in
Feldatein (161 although recent developmenta may help to alleviate some of
these difficultiea. Seae Charnea, Cooper and Sueyoshi {141.




To mnaka this more precise we may note that this increasing returna to
scalae is associated with the comparison point for DMU 24 on the efficiency
aurface. Racall that this ia the point generated from the “lambda" values
applied to the facet nen@ers liated at the top of Table 1. The adjustmentsa
to obtain the “VALUES IF EFFICIENT" in Table 1 poaition DMU 24 on this
point, The fact that the “laabda" values aum to a value greater than unity
meang that if these efficient input values are increased in a3 given
proport.ion the resulting movement on this surface will produce a ncre than
proportionate increase in the efficient output values on this part of the
efficiency surface. (Conversely, 1if the inputs were all decreased in a
specitfied proportion then the outputa would decreaae more than
proportionately.)

Results like these can be of considerable interest to the Army in
budgo£ing and planning its health care activigies. The ability of DEA to
identify auch additional possibilitiea for sach DHU after effiziency haa
been achieved, makea it an important alternative to the statistical regreg-
sion techniques that are often used to study the presence of returna to
sCais possibilities. Banker et al in (2], for example, redid a previous
regresgion atudy of North Carolina hospitala for returna to scale poasi-
bilities. Applying DEA to exactly the sane data, Banker and his associatea
were able to identify many returns to scale ajituations which the previous
regression study had “"averagnd out" to reach a conclusion that no such pos-
gibilities were present.

0f course these types of DEA charactaerizations and findings need fur-

ther satudy and validation before they are put into uasa. We have deacribed

only some of the ways in which it is being examined in the praesent atudy.




Other uses and tests are a.ac posajible, of course, and these incluge de-
tailed comparisons with othar approaches that are familiar from past
experience.

The following figure may be of interest and some of the insights it
provides may help us tohclose thia paper on a note that will help to indi-
cate some o0f the further possibilities. In this case the inpatient cosats
per Relative Weighted Product {(RWP) as defined for output 2 in section 2,
above, had already been extensively atudied (but just for inpatient coatg)
by meana of standard types ox regession-correlation analyses. This there-
fore provided a convenient c¢omparison tegt for DEA, parts of which are
incorporated in the following fiéure.

The points in thia figure raepresent DEA estimates of inpatient
‘costa/RWP éf salected DMUs from windows 1 and 5. These costa are obtained
on the basia of efficient operationa by first making the adjustments to
"VALUE 1IF EFFICIENT" in the manner deacribed for Table 1. The plus signs
repreaent regregsion estimates for inpavient costs/RWP at thege same DHUs as
obtained from the previously conducted regreassion studias.

For the aight facilities aselacted £rom <the ragression studies and

represented as plus aigna in this figure it may be observed that six of thena

agree with the DEA results.1 The high regression value within the range of
15 RWP had some gpecialitiea not normally associated with a facility of this
size ~-- i.e., extengive oral surgaery, gastroenterology and a large

orthopedic service -- while the high regression value within the range of 40

IA further detailed discussion and comparison between regregsions and
DEA via a sisulation study maay bhe found in [4]) which usaed the kinds of
regressions digcussed in [16] for its modelsa.




RWP ia asaocisted with DMU 2 which has the exceptional atsatus that was noted
earlijier.

The daashed line shown 1in the figure represents an approximation to the
HCFA reimbursement level using the HCFA unadjusted Federal rate. Iater-
preted ag an efficiency néaaure (above which compensation will not he paid),
it, together with the redression, identifies DMU 2 as inefficient by refer-
ence to the regregsion estimate indicated by the plus aidn near 40 RWP.
Thia 1is perhapa to be expected aince, aa indicated by tha horizontal line,
thia HCFA level ias applicable without respect to volume or mix consider-
ationa.

Returning to the issue of increasing returns to scale, it is of inter-
est to see that this is generally born out by the fact that the per unit
coats tend to fall with increasing RWP as indicated by the DEA efficiency
values represented by the points in tha diagram. To be sure, this 18 only
indicative of such increasing returns to acale since the increasea in RWP
for the DMUs represented in thia figure reflect variations in both input and
output mixes ag wall as volume changes in the inputs., This Dbehavior :s
consistent with the DEA returns to scale characterizations, howaver, and 1t
should bhe noted that auch behavioral characterizations, which represent
additional opportuynities for increasad efficiency, are not identified in
either the regression values or the HCFA reiabursement standard.

Still other possibilities can be (and hava baen) undertaken in the
present dtudy of DEA and more are astill to be undertaken. Aa noted in a
recent report to the Army’s Health Care Studies and Clinical Invastigation

Activities: DEA has generated reascnable resultas for the efficient surifaces

used to evaluate multipie input and multiple output gystems with vaery com-




plex interrelationships. Although further analysis is required, the pre-
liminary work to date shows that DEA holds great promise as a method to
quickly identify faulty data and to summarize an efficiency surface with
advantages for identifying and estimating possible inefficienciesa. The
limitations of regressi;n and other types of analyses for dealing with
multiple outputa and inputs sre well known and DEA appears to overcome these
deficiencies. Uses of DEA and regresaion and other techniqueas in complexen-
tary <fashion are, of course, also possible. In any case DEA appears to be
an extremely valuable technique and should be conaidered for use by the

medical manager and for further research aas part of medical information

acience.
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